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1. Introduction
In [1], RAN2 requests feedback from RAN4 on two proposals for handling of non-allowed CSG cells. The scenario considered was one where the best cell on a particular frequency corresponds to a CSG cell which is not in a user’s white list. As such, the user is unable to camp on the “best” cell on the frequency. This situation corresponds physically to someone who is not a member of a particular closed subscriber group becoming close to a CSG cell. Since they are not a member of the closed subscriber group, there is no possibility for them to camp on the CSG cell which has become their “best” cell.
 The two options proposed by RAN2 in this situation are either
· Solution 1: UE ignores non-allowed CSG cells in the intra-frequency reselection evaluation process 
In this case, the UE simply remains camped on the best intra-frequency cell that is allowed to camp on. Most likely this will be a cell which is part of the macro network, although it could also be another CSG cell which is in the user’s white list. As the user moves closer to the H(e)NB, then the interference from the H(e)NB may become dominant to the extent that this user experiences call drop or loss of service in idle mode. Of course, inter-frequency or inter-RAT handover or reselection may also occur, and the UE may end up on a different carrier frequency than the one in use by the CSG cell.
· Solution 2: Check the “intra-frequency cell reselection indicator” IE in the broadcast information 

In this case, when the non-allowed CSG cell becomes the best cell, and the UE attempts to camp on it (which it will be unable to do due to white list restrictions) it reads the “Intra-frequency cell reselection indicator”. The indicator may be set to either “allowed” or “not allowed”. If the value “allowed” is used then the UE can reselect to another (less strong) cell on the same frequency, otherwise it must bar the entire frequency for a period of time.
2. Analysis

In this section, we attempt to provide analysis of both solutions proposed by RAN2. Firstly, we note that in RAN4’s work on home node B requirements, it has not been assumed that any feature corresponding to “solution 2” from RAN2 has been available whereby UEs which are not members of the CSG will be actively moved away to another frequency. In the study item technical report[2], it has been concluded that cochannel deployments of CSG cells are feasible although it is also acknowledged that some interference mitigation techniques may be necessary. In [3] interference mitigation techniques for HNB uplink, such as control of the HNB noise rise threshold, and the control of HNB receiver gain have been proposed as text proposals for the 25.9xx technical report, and corresponding downlink interference mitigation techniques are described in [4]. Also, in 25.104 changes for HNB it is proposed that HNB UL dynmic range is extended by 20 dB on top of LA node B dynamic range which should provide extra robustness against UL interference
As such, we note that in the work so far for example on UTRA HNB RF requirements,  RAN4 has never seen the need to eliminate MUEs from the vicinity of the HNB and has considered instead that there may be techniques available for the HNB to mitigate the issue. Nevertheless, “solution 2” could also be considered as a potential interference mitigation technique  that could be investigated further, although forcing MUEs away from a shared MNB/HNB carrier in the vicinity of HNBs may also be undesirable if other HNB techniques exist which are sufficient to mitigate the interference issues
We now consider the interference aspects which arise if the UE remains on the same frequency as the non-allowed CSG cell. First, we consider what element(s) are being protected by moving non-allowed UEs away from the same frequency layer as the CSG cell.
Interference in the macro network
· On the uplink, the non-allowed UE should not create any additional interference to the macro network, whether it is within a CSG area or not. Of course, CSG UEs may be responsible for uplink noise rise at macro network node B receivers, but this will happen regardless of whether the UE it is connected to is within the coverage area of a non-allowed CSG cell or not.

· On the downlink, the interference from the H(e)NB will cause the UE to require more downlink power, and it will report lower CQI, reducing throughput.  Such interference will be present whenever the H(e)NB transmitter is active, even if it is only transmitting common channels. Here, we note that since inbound mobility to CSG cell is in idle mode only, this situation may arise even if a UE which is a member of the closed subscriber  group moves towards the CSG cell from the macro cell whilst in call. However, such interference is more probable from UEs which are not members of the closed subscriber group, since these can start to make calls at any time. We do not have a quantitative analysis of the impact to the downlink, other than to note that the effect is ultimately likely to be limited due to call drop, and if there is a suitable interfrequency or interRAT cell available, then the macro network can initiate emergency IF/IRAT handover (for example due to poor Ec/Io or RSRQ).
Interference in the CSG cell
· On the uplink, the H(e)NB receiver could suffer considerably from the interference of a UE making a call to the macro network. If, at the same time as the non-allowed UE is making a call via the macro network, another CSG allowed UE is attempting to use the CSG cell, then ultimately there will come a point where it is impossible to make use of the CSG cells. Naturally, this uplink interference only happens if the non-CSG allowed UE starts transmitting, and there will be no problem if the non CSG allowed UE is in idle state.
· On the downlink, a CSG UE receiver will not greatly be affected by the fact that a non CSG allowed UE is receiving its downlink from the macro network on the same frequency. There may be an increase in downlink interference because the macro cell transmits at higher power than would otherwise be expected, but the impact of this is a general one, both to other macro users and to H(e)NB users on the frequency.
Non allowed CSG UE User experience
· From a user experience point of view, it would seem preferable to move to another frequency or RAT if entering the area around a non allowed CSG cell, provided that another frequency or RAT exists. In the case that there is not any suitable frequency or RAT to move to, then the user would be denied service for a period of time, even if moving away from the non-allowed CSG cell. Thus, from the perspective of the non allowed CSG user experience, it seems preferable to rely on the normal macro network interference triggered handover mechanisms to move away from the non allowed CSG frequency if that is possible, but still to allow camping on the frequency in case nothing better exists.
From this analysis, it would appear that the most significant interference mitigation from proposal 2 would be to the H(e)NB uplink. It provides a possible method to prevent UEs close to the H(e)NB from transmitting at high power to the macro network, possibly blocking the uplink for H(e)NB users. On the other hand, there may be disadvantages especially from the perspective of the macro cell user, who may be denied service. 
Another aspect which RAN2 mentions in the liaison statement in [1] is possible further control mechanisms. Although the liaison statement itself makes clear that the detailed solutions have not yet been discussed in RAN2, it is also suggested that an new offset could be used along with the “intra-frequency  reselection indicator”. In this respect, we note that it may be challenging to set an appropriate offset, bearing in mind that CSG deployments are unplanned and uncoordinated. As such it may be difficult to derive any methodology for setting offsets, especially if the goal of such offsets is primarily to tune protection to the (uncoordinated) CSG cells.
3. Conclusions

The purpose of this contribution is to provide analysis to assist RAN4 in responding to [1]. We believe that the use of an “intra frequency reselection indicator” has not been considered so far in the work in RAN4 in concluding that cochannel deployments 
of CSG cells are feasible. As such, this indicator may be regarded as an optimisation rather than an essential feature needed to facilitate CSG deployments. On the other hand, this flag would be based on known concepts taken from UTRA, and would be a relatively simple enhancement which might have some use, especially for operators who are very confident that they have alternative coverage in place on other frequencies or RATs in place, and a high level of confidence that the UE will be able to find alternative service. 

Regarding the further control mechanisms that are mentioned in the liaison statement, we would suggest that companies keep in mind the uncoordinated deployment aspects of CSG, and also the need to complete the CSG work in a timely manner for release 8. As such, we consider that further control mechanisms might introduce additional complications and delay the completion of the specification work without offering practically usable enhancements.
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